Dear Sir, Labeling new radioligands with 18 F has several advantages because of the longer half-life of 18 F (about 110 min) compared to that of 11 C (about 20 min). This longer half-life makes an on-site cyclotron unnecessary. Furthermore, measurements of radioactivity concentrations in the brain with PET as well as in plasma with liquid chromatography are more robust. However, a longer half-life also yields a higher radiation burden.
Before testing a new radioligand in humans, dosimetry studies are customarily performed in animals, and dose estimates are extrapolated to humans. These studies, especially in monkeys, are labor-intensive, expensive, and not feasible in some institutions. Moreover, several authors have shown that animal data, even those derived from monkeys, poorly predict human data [1] [2] [3] . For these reasons, we previously proposed a practical pathway to test new 11 C radioligands directly in humans [1] . Here, we propose a similarly novel pathway to test 18 F-labeled tracers. After an extensive search using PubMed and appropriate dosimetry-related keywords, we identified 54 studies reporting the effective dose (ED) and/or the effective dose equivalent (EDE) of 18 F tracers in humans (Supplementary Table 1) . We included only studies done in humans (rather than those done in animals with extrapolation of the data to humans) and those published after 1995; prior to that date, substantial differences existed in both dosimetry methodology and in the performance of the machines used. The average ED across studies was 20.6±6.8 μSv/MBq (range 8.6 -39.6 μSv/MBq; with the vast majority in the range 15 -30 μSv/MBq). These discrepancies can likely be explained by different methodological approaches between the studies and by simple intersubject variability. If the absolute values of the absorbed dose are very low, as in the case of positron emitting radioligands, small methodological differences may cause large percentage variations. Although the final ED generally always falls in the 10 -40 μSv/MBq range, the precise value of each tracer may not be very meaningful.
Reliability of dosimetry estimates
Several authors have pointed out that human dosimetry values extrapolated from animals poorly predict actual human values [1] [2] [3] . The present analysis of the literature further suggests that human values obtained in one institution poorly predict human values acquired in a different institution.
Regulatory limits Under routine use conditions for 18 F-labeled radiotracers (about 185 MBq or 5 mCi), it is unlikely that the resulting absorbed dose would exceed the dose constraints recommended by regulatory bodies.
Several European countries generally follow an ED limit of 10 mSv, as per the ICRP recommendations [14] . Although the US Food and Drug Administration has no strict ED limit for radiotracers studied under Investigational New Drug applications, many institutions-including the National Institutes of Health-limit ED to 50 mSv, which is five times the limit allowed in Europe. However, for those radiotracers studied in the US under the auspices of a Radioactive Drug Research Committee (RDRC), limits are applied to both individual organs and the "whole body." Under these guidelines, the limit for radiation-sensitive organs (gonads, red marrow, spleen, and eye lens) is 30 mSv, and for all other organs 50 mSv. In addition to these individual organ limits, according to the RDRC criteria the limit for the "whole body" (now defined as ED) is 30 mSv.
Thus, the strictest limit of radiation exposure to the whole body (ED) is 10 mSv, practiced in Europe. The strictest limits for individual organs are 30 mSv for sensitive organs and 50 mSv for all others, as required by US RDRC regulations. For each of these three limits, we calculated the maximal allowable injected activities for the 18 F radiotracers (Supplementary Table 1 ). The radiotracer with the highest ED was [ 18 F]-FPPRGD2, for which an ED limit of 10 mSv would restrict the injected activity to 253 MBq. [ 18 F]-FPPRGD2 also had the highest exposure to the sensitive organs (defined by RDRC): 67.5 μSv/MBq to the spleen; a limit of 30 mSv would restrict the injected activity to 444 MBq. The radiotracer with the highest exposure to other organs (defined by RDRC) was 4FMFES (about 800 μSv/MBq to the gallbladder); a limit of 50 mSv would restrict the injected activity to 63 MBq. Thus, by the strictest of all three limits applied in Europe or the US, the maximal injected activity would be 63 MBq.
Methods to reduce radiation exposure The organs with the highest radiation exposure from 18 F radiotracers are almost always the urinary bladder (26 of 53 radiotracers for which information about the critical organ was available) or the gallbladder (16/53). The few exceptions are the kidneys (5 of 53), liver (3 of 53), pancreas (2 of 53), and lungs (1 of 53; Supplementary Table 1) . Notably, the dose to the bladder and the gallbladder may be reduced by stimulating voiding. For example, in those studies in which different voiding models were simulated, the equivalent dose to the bladder was reduced by a factor of two to four [4, [15] [16] [17] [18] [19] . Voiding of the bladder can be induced by diuretics or simple hydration, while voiding of the gallbladder can be stimulated with cholecystokinin or fatty foods. Indeed, the high gallbladder dose from 4FMFES can be partially attributed to the fact that the subjects fasted before tracer injection [20] .
Taken together, the evidence reviewed above shows: (a) that the dose from positron emitters is generally low, and that no published 18 F tracer has ever exceeded the ED constraints with a standard 5 mCi activity; (b) dosimetry from animals is notoriously unreliable; and (c) while dosimetric estimates in humans tend to be rather constant and fall into a predictable range of values, they are not otherwise very reproducible.
Proposed pathway Because dosimetry estimates from animals provide inaccurate data for humans, we recommend that dosimetry in animals not be required prior to human imaging. In addition, the published dosimetry values for humans-though often not reproducible-fall with a relatively narrow range, which allows us to estimate the exposure from a novel radiotracer. It should also be noted that, based on the highest exposures to the whole body or individual organs for all published radiotracers, maximal injected activities can be calculated that would fulfill the strictest European or US limits. Based on these principles, we propose the following for first-in-human studies of 18 F radiotracers:
1. Begin with whole-body scanning in a single human subject using about 74 MBq, which is less than onethird of the safe activity of the most irradiating Table 1 ). The aim of this first scan would be to detect a tracer that disproportionately accumulates in a single radiosensitive organ, such as the gonads. If this first scan confirms that the radioactivity is fairly widely distributed in the body, higher activities may be injected. To increase the count rates from this low injected activity, a slower whole-body scan may be acquired. 2. Do up to ten kinetic scans centered on the organ of interest using doses up to 5 mCi to determine whether the radioligand is worth pursuing. 3. If the radioligand looks promising, perform whole-body dosimetry studies in humans. Retest variability can be studied after the dosimetry study.
Some institutions in Europe and the US require that the first studies of perhaps five to ten subjects be whole-body scans to estimate dosimetry. One important advantage of the pathway we propose is that all subjects (with the exception of the very first subject) would be spared exposure if the radioligand was discontinued after the kinetic analysis (step 2). Most institutions require that the consent form numerically estimate radiation exposure to the subject. Before completing the dosimetry study in step 3, we recommend that an average ED value of 20 μSv/MBq be used. Finally, because the urinary bladder commonly receives the highest doses, we recommend that subjects be encouraged to void as soon after the injection as practicable, and frequently in the hours following. Consideration should also be given to stimulating emptying of the gallbladder with a fatty meal if the initial human scan (step 1) shows high uptake in the liver and/or gallbladder.
